Compound liquorice tablets (CLTs) are frequently used as an expectorant, which have had wide applications in clinics in China for many many years. 1 They contain 1125 mg of extractum glycyrrhizae (EG), 4 mg of powdered opium (PO), 2 mg of camphor (CP), 2 mg of star anise oil (SAO) and 2 mg of sodium benzoate (SB) in one tablet. So far, nothing have been reported about the quality assessment by using CEFP. [2] [3] [4] [5] [6] Owing to CLTs containing many complex constituents, it was difficult for HPLC to assay simultaneously its main constituents, such as glycyrrhizic acid (GHIA), glycyrrhetinic acid (GHEA), morphine (MP) and SB. In addition, the columns are expensive, liable to pollution and large amounts of mobile phases are needed for analyses; moreover, there are few peaks not on an electropherogram, but on a HPLC chromatogram. The total assay time was often more than 1 h for a Chinese herbal medicine to be eluted thoroughly in HPLC, but it only take about half an hour for CE to obtain an electropherogram. The other reason why we selected CE to determine the CLTs fingerprints was that the characteristics of fingerprints determined by CE were highly prominent. In a word, CE was suitable to study the fingerprints of the traditional Chinese medicines. We then developed a CEFP to assess the quality of CLTs produced at different pharmaceutical factories.
min prior to a day experiment. Between the measurements, the capillary was rinsed only with BGE under high pressure driven for 5 min. The running time was approximately 30 min. All of the samples were filtered through a 0.45 µm membrane filter (Millipore, Milford, MA) before the assay.
Standard solutions
Amounts of 14.2 mg of AGN (equal to 13.9 mg of GHIA), 20.8 mg of SB, 7.6 mg of GHEA were accurately weighed and added into a 50 mM sodium borate solution containing 10% (v/v) methanol to make 25 ml exactly, respectively. Amounts of 7.0 mg of MP were also accurately weighed and diluted with the same solvent mentioned above to 10 ml. The thus-made solutions were used as standard stock solutions. Amounts of 0.2537 g of HCTZ were accurately weighed and added to methanol to make 250 ml exactly as the internal standard stock solution.
Preparation of sample solutions of CLTs
Twenty tablets of CLTs and 25.4 mg of HCTZ were added to a 50 mM sodium borate solution containing 10% (v/v) methanol to make 250 ml exactly, which was extracted for 30 min in an ultrasonic bath and then filtered to serve as a sample solution.
Preparation of sample solutions of EG, PO, CP and SAO
According to the labeled contents of the different components in CLTs, appropriate amounts of EG, PO, CP and SAO were accurately weighed and added in a 25 ml flask, and then added a 50 mM sodium borate solution containing 10% (v/v) methanol to make 25 ml exactly, respectively. Each of them was extracted for 30 min in an ultrasonic bath and then filtered to serve as the sample solution of EG, PO, CP and SAO, respectively.
Results

Analytical conditions
In our previous study, 6 the detection wavelength was set at 228 nm where many constituents in CLTs have much higher absorption. After testing concentrations of 50 mM NaH2PO4, NH4Ac, NaHCO3, Na2HPO4 and Na2B4O7·10H2O solution as the running buffer, respectively, the results showed that using a 50 mM sodium borate solution as BGE was better for the separation of CLTs. Because many constituents of CLTs have hydroxyl groups or carbonyl groups, and can be separated in an alkaline borate solution, in principle, we selected 50 mM sodium borate solutions as BGE to obtain a better separation of CLTs. The optimum voltage was 14 kV.
The identifying test
Through comparing the migration times of the peaks on the sample electropherogram with that of the standards, we identified 4 constituents of CLTs in Fig. 1(a) . The sample solution of EG, PO, CP and SAO was injected for 10 s under the same conditions to analyze and record the electropherogram, respectively. Figures 1(b) , (c), (d) give electropherograms of EG, PO and SAO, respectively. We recognized that peak number 2 was an overlap of two components from EG and PO, peak number 3 from SAO, peak number 4 from PO, peak number 17 from SB, HCTZ from internal standard and the others from EG. There was no peak from CP because the concentration was too low to be detected.
The extracting solvents
Because EG contained many hydrophilic constituents, water was first selected to extract CLTs with better results. The 50% (v/v) ethanol was secondly selected to extract both hydrophilic and partly hydrophobic constituents in CLTs, losing two peaks. The 0.1 M KOH served as the third solvent to investigate the hydrolysis changes, but the results were not good. A 50 mM sodium borate solution containing 10% (v/v) methanol was selected as the extracting solvent to obtain both many peaks and high peak areas for all contituents. As the same time, we optimized the extracting method by the quantitative determinations of GHIA, GHEA, MP and SB to come to the same conclusion viz. using a 50 mM sodium borate solution containing 10% (v/v) methanol as the extracting solvent, which was good for the CEFP. 6 
Method suitability tests
The theoretical plate numbers were determined as follows: 38567 for GHIA, 29000 for GHEA, 38563 for MP, and 24732 for SB, which were our related determining results of the 4 standards under the conditions mentioned above. 6 An authentic CLTs sample solution was injected for 10 s, and the recorded electropherogram was used to determine the theoretical plate numbers of the 4 constituents as follows: 38641 for GHIA, 29537 for GHEA, 39012 for MP, 25140 for SB.
Injection precision
The intra-day and inter-day variabilities through determining the AUS solution of CLTs produced at Shenyang Pharmaceutical Factory were evaluated for five replicates within one day and over five successive days. The precision RSDs of the newly developed method for all peaks, in terms of the peak-area ratios for five replicate injections, were less than 3.6% for intra-day and less than 4.7% for inter-day; in terms of the relative migration time they were less than 2.1% for intraday and less than 2.8% for inter-day. Thus the injection precisions for CEFP are acceptable.
Method reproducibility
Five replicate AUS solutions were prepared (produced at Shenyang Pharmaceutical Factory, P. R. China) to inject and record the electropherograms. The RSDs of the relative area of the 20 peaks were all below 3.7%, and that of the relative migration times was less than 3.3%, which indicated that the reproducibility of the method was good.
Determination of the CEFP
There were two ways to obtain an authentic sample (AUS). Selection of the sample which was well recognized to have good quality was the first way. The second way was to blend many samples produced in different factories to serve AUS, or to calculate the mean chromatographic parameters of all different factories to serve as the results of AUS, which (1) was adopted in the presented work.
The sample solutions of ten or more batches of CLTs produced at each of the six factories were determined to have the same pattern of 20 significant peaks mentioned in Fig. 1(a) . The pattern of the 20 constituents in CLTs viz. the profile of peaks can serve as a fingerprint, which enables a particular sample to be identified and distinguished from the authentic CLTs; moreover, it can assess the quality of CLTs. Table 1 presents 4 kinds of the total standard profile vectors (P → 0), in which each datum was the mean value of the migration times, the peak areas, the relative migration times and the relative peak areas (HCTZ was the internal standard) for all batches of all 6 factories, respectively. Equation (1) gives the calculation method where m is the number of batches. The reason why 4 parameters of an electrophoresis peak were taken into consideration was that we intended to sufficiently display the
CE profile characteristics of CLTs. We could obtain the Standard Profile Vector (P → i) for each factory using the same method. Figures 2(a), (b) , (c), (d), (e), (f) give the typical CEFP of CLTs produced at SY, BJ, HH, QH, GZ and NB pharmaceutical factories, respectively. They were tremendously similar not only in the pattern of peaks but also in many parameters of electropherograms.
The SPV versus each batch of CLTs comparisons at a factory, and comparisons between the SPVs
The similarity was evaluated by comparing the correlation coefficients (R) and cos θ (C, given in Eq. (2) and Eq. (3) 7 between the SPV and each batch vector of the CLTs at the factory. The nearer to 1.0 was R or C, the higher was the similarity of the CLTs. It was necessary for a sample's electropherogram to have the same number of peaks as the SPV's. When lacking a peak for a sample, the area or the relative area was taken to be zero. In this case, it was impossible to calculate the similarity based on the migration time or the relative migration time. The researchers of the Chinese National Pharmacopoeia Committee defined R and C as the similarity values between fingerprints to evaluate the injection quality of traditional Chinese medicines. The results were all above 0.9290. The similarity values between every two SPVs were all above 0.9315 (the similarity values calculated based on the migration times or the relative migration times were all above 0.9970), which are listed in Table 2 .
Qualitative and quantitative accuracy parameters evaluating fingerprints
The concept of the similarity value can only indicate the similarity at the distributions of the chemical constituents between a sample and an AUS, but show nothing about the similarity of their absolute contents. We proposed to employ a new parameter to evaluate the differences between two fingerprints both in the contents of all of the important constituents and in their time accuracy, viz. Q is used to assess the qualitative and quantitative accuracy between a CEFP of the sample and the CEFP. A TSPV derived from experiments, P 
When Q was calculated using the peak areas or the relative peak areas, the nearer to 100 is the value of Q, the closer to the content of every constituent of an AUS is that of a sample.
may represent the qualitative accuracy because it is calculated based on the migration time or the relative migration time. Normally, the value of Q is less than 100, but may be larger than 100 to denote that the contents of some constituents in the sample are higher than that of an AUS. SPVs, iQ1, Q2, Q3 or Q4 was calculated based on the migration times, the relative migration times, the peak areas and the relative peak areas, respectively; not only the former two parameters ranged from 98.8% to 103.2% to denote the different factories' CEFP had good qualitative accuracies contrasting with the CEFP, but also the latter two parameters ranged from 92.2% to 109.1% to indicate that the contents of all the constituents in every kind of CLTs produced at the 6 factories were very close to that of the AUS. Table 3 listed the Q results.
The TSPV versus each SPV comparison
To calculate the values of R and C between the TSPV and each SPV, Table 2 presents the results, indicating that the six factories' SPVs were highly similar to the TSPV. The values of R and C between every batch vector of CLTs produced at different factories and the TSPV were all above 0.9150. The results strongly proved that the CEFP could thoroughly reveal the characteristics of all 6 factories, and had a very good similarity, stability and reproducibility. Because the 4 TSPVs were a very close approximation to the specification of the CEFP, we could qualitatively evaluate the quality of CLTs produced at different factories by calculating the values of R and C between the TSPVs and each batch vectors, which could give the similarity for the distributions of the constituents. We defined that the lowest similarity value should be larger than 0.9100; otherwise, the batch of CLTs would be of poor quality in the distribution of the constituents. We also defined that the Q should be within 90.0 -110.0% in order to obtain both closer quantification results and better qualitative accuracy for all constituents of a sample.
Applications
We prepared sample solutions of the CLTs produced at the Kunming Pharmaceutical Factory for ten or more batches, and determined their electropherograms to obtain their 4 SPVs. To calculate the similarity values between the TSPV and the SPV, in terms of the migration times, the relative migration times, the areas and the relative areas, respectively, were all above 0.9527, which was much larger than the lowest value, 0.9100. We also derived the 4 Q, which ranged over 92.2 -109.1%, to meet the requirements concerning the qualitative and quantitative accuracy of the CEFP. The results indicated that the quality of the CLTs was better, and fulfilled all of the technical requirements of the CEFP. If somebody intended to substitute EG for all components of CLTs, the similarity value would be lower than 0.7136. The CEFP was easy to detect the presence of substitutes or additives, since the 20 significant peaks displayed by the extracts of the authentic CLTs may be absent in the former case, and extra zones present in the latter.
Determinations of GHIA, GHEA, MP and SB
According to the reference, 6 the CLTs samples produced at the different factories were analyzed to list the average contents of the 4 constituents in Table 4 , in which all kinds of CLTs have very close results. The CLTs produced at the Shenyang Pharmaceutical Factory are the best of the 7 kinds of CLTs. The 4 constituents' contents of CLTs produced in Kunming Pharmaceutical Factory were very closer to the mean of the six different pharmaceutical factories. The results also verified that the quantification parameter, Q (105.8 -106.6%), was valid and effective for evaluating the contents of the constituents in different kinds of CLTs.
Discussion
The main purpose of this study was to develop a new CEFP to evaluate the quality of CLTs. The CEFP presented above was reproducible over a period of two years. We routinely determined the CEFP for more than 2 years with no observable changes in the profile. We defined the TSPV as a representative of the CEFP. We could then assess the quality of CLTs produced at different factories. The lowest similarity value between a batch vector and the TSPV should be larger than 0.9100, and Q should be within 90.0 -110.0%. Finally, we believe that this approach is potentially useful for the quality assessments of CLTs, and also offers a good method to control the quality of other traditional Chinese medicines. The major drawback of the CEFP was that many peaks came from EG, leading to an ineffective control of the presence of CP and SAO. It was very important that we first put forward a new parameter, Q, to evaluate both the quantification accuracy and the qualitative accuracy for a CEFP of a sample. 
